The cocrystallization of Ce 2 (SO 4 ) 3 and La 2 (SO 4 ) 3 is studied in aqueous and H 2 SO 4 (150 g/dm
Introduction
The solubility of rare earth sulfates is rather important for determination of their behaviour in soils and plants [1, 2] , natural waters [3] , etc. Knowledge on the composition of the equilibrium phases formed in multicomponent systems, containing rare-earth sulfates is crucial for the application and optimization of sulfuric acid processing of rare earth concentrates [4] [5] [6] . The behaviour of the systems and especially the solubility of the different sulfates at ambient temperature (25 • C) and around 64 under the latter conditions. The crystal structure and the solubility of the crystalohydrates under these conditions have been determined [8, 9, [11] [12] [13] [14] . The literature data for systems containing salts of two or more rare earth elements are restricted. The solubility of double alkali metal (Na, K) rare earth (La, Ce) sulfates in sulfuric-phosphoric acid solutions at 20
• C is reported in [15] . [20] . Some of the factors determining system behaviour such as temperature, H 2 SO 4 -concentration and nature of the Ln -species existing in the solutions were revealed. The precise interpretation of the results is, however, restricted by the complicated composition of the system. The solid solutions of Ce 2 (SO 4 ) 3 -La 2 (SO 4 ) 3 following their crystalohydrate structure, solubility of the individual sulfates and the consideration of the LnSO + 4 formation are studied in the present work.
Experimental

Materials
The octahydrates of the rare earth sulfates used were obtained from their oxides (having assays >99.9 %) according to the synthetic procedure, presented in [21] . The oxides were dissolved in H 2 SO 4 (p.a., Merck), the crystals obtained were heated at 450
• C, then dissolved in ice-cold H 2 O. After filtration, C 2 H 5 OH was added to the water solution until a precipitate was formed. After 12 h the precipitate was filtered off and air-dried. The crystallization water content was confirmed by complexometric analysis of the rare earth element in a dried salt.
Solid solutions preparation
In order to obtain the desired solution, the sulfates investigated were dissolved in H 2 O or H 2 SO 4 (150 g/dm 3 ) at 1-2 • C. The sulfuric acid concentration is chosen according to the concentration suitable for the processing of the particular rare earth concentrate. Definite volumes of the solutions of both sulfates were mixed and adjusted so that the desired molar ratio of the two lanthanides was obtained. The resulting solution was placed in a thermostatic vessel with reflux and magnetically stirred at 25
• C or 64
• C for 168 h.
After filtration, both the crystals obtained and the saturated solution were analyzed.
Analysis
The Ce content was determined by cerimetry after its oxidation to Ce(IV). From complexometry the sum of Ce and La was determined and the La-content obtained by difference. Diffractograms of the solid phases were obtained using a powder diffractometer (DRON, former USSR) employing CuKα, 60 kV, 30 mA and a scanning rate of 2
• /min.
Results and discussion
The composition of the equilibrium phases obtained with different crystallization conditions is shown on • C in the studied concentration interval.
The formation of solid solutions is to be expected because the respective La-and Ce-sulfates are isomorphous [13] . It is known that at 64
• C, La 2 (SO 4 ) 3 forms only the 9-hydrate under these conditions [9] . This fact explains the formation of solid solutions based on the La 2 (SO 4 ) 3 ·9H 2 O structure, in spite of the pure Ce 2 (SO 4 ) 3 crystallizing as the 4-hydrate under the same conditions. The concentrations of both sulfates in the equilibrium liquid phases are proportional to their concentration in the solid phases, remaining (in the studied Ce/La mole ratios) less than the solubility of pure individual sulfates. The only exception is the concentration of Ce 2 (SO 4 ) 3 at 64
• C in H 2 SO 4 -solution which is in equilibrium with a 89 mol % Cesolid solution.
Formation of monosulfato-complexes of rare earths has been long established and many investigations have been made on the determination of their stability constants. Previous results are summarized in [22] . A new approach to measure the stability constants with higher precision has been applied [23] in which some of the former published results were confirmed. The formation of inner-sphere CeSO + 4 in Ce-concentration and acidity intervals similar to the ones used in the present work was shown [22, 24] . In highly concentrated sulfuric acid solutions outer-sphere CeHSO 2+ 4 complexes are formed but they dominate at H 2 SO 4 -concentrations above 1.7 M [25] , i.e. above those employed in the present work. The CeSO + 4 dissociation constant K could be calculated by the equation [24] : lgK = -3.371 + 6.108 μ 1/2 (1 + 1.885 μ 1/2 ), where μ is the ionic strength. In Fig. 1 
Conclusion
The results reported suggest that the formation of inner sphere sulfate complexes of the type LnSO + 4 are of primary importance for the determination of the composition of the equilibrium phases even in aqueous solution.
